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INTRODUCTION

25
One of the most interesting questions in the field of animal behaviour is how the stability of 26 social groups can be maintained despite the conflicts over limited resources (Sachs et al. 27 2004; Buston stabilising the hierarchy (Wiley and Rabenold 1984) . 34 One of the most prominent theories explaining how conflict is resolved in social groups is 35 here termed the 'threat-restraint' model. It suggests that higher ranked, dominant The focus of past research has predominantly centred on identifying the ultimate reasons 59 for threats and restraint, and their influence on the stability of dominance hierarchies. 60 Surprisingly, there have been no attempts to address how these mechanisms might respond 61 to severe changes to the abiotic environment. This is important because the abiotic 62 environment in which organisms live has changed and is changing rapidly, particularly in 63 response to anthropogenic activities (Meehl et al. 2007 ). While there is an emerging 64 literature demonstrating how abiotic factors such as temperature, climatic variability, water has not been a definitive characterisation of hierarchy structure and the mechanisms 93 maintaining hierarchy stability in the species. Further, while previous studies have also 94 shown that increased temperature (from 10 to 35°C) leads to an increase in metabolic rate 95 (Cech Jr et al. 1980; Cech Jr et al. 1985 (Meehl et al. 2007 ) suggest that G. holbrooki pond populations will be subject to 141 temperatures of over 30°C on an increasingly frequent basis. Therefore, after a 1-142 month acclimation period at 22°C, we increased the temperature to 32°C in the high Conflict over rank is expressed as a combination of both aggressive suppression 248 from dominants (higher ranks) and dominance testing by subordinates (lower ranks) 249 and therefore its prevalence is indicated by heightened aggression between 250 individuals of adjacent size-rank (Cant et al. 2006b ). To investigate this, each group 251 member was assigned a size-rank and aggression was categorised by adjacency (i.e. 
RESULTS
275
Is there a size based hierarchy and conflict over rank? 276 The standard length (SL) of individuals was significantly related to their dominance 277 rank (DR: based on normalised David's scores) (LME, SL: F 1,99 = 41.51, P < 0.0001), 278 supporting the hypothesis that size-based dominance hierarchies exist amongst subordinates (Cant et al. 2006b ). Although average rates of aggression were higher for 
Effect on Aggression
436
The second goal of this study was more explicitly to investigate the effects of increased 437 temperature on conflict over rank and the factors that stabilise the hierarchy. Overall rates 438 of aggression were higher in treatment than control groups, however this was not due to observer bias must be considered to account for these discrepancies, the randomized 445 division of groups into treatment and control conditions was made after the first 446 observation was conducted, making observer bias highly unlikely. Instead, these results
447
suggest that the intrinsically higher aggression rate of treatment groups was simply due to 448 chance, leading to the conclusion that elevated temperature had no effect on overall 449 aggression rates. Furthermore, as stated earlier, increased temperature did not affect the 450 adjacency or directionality leading to the conclusion that temperature did not alter conflict 451 over rank in terms of changes in aggressive displays.
452
Effect on restraint -Growth
453
As outlined above, the use of threats in the form of aggression between adjacent ranks was 
470
With respect to average rates of growth, increased temperatures caused an overall 471 decrease in the growth rates of G. holbrooki. However, this negative impact was reduced 472 over time, suggesting that individuals acclimated to higher temperatures in relation to 473 growth rates in the treatment groups. These findings are consistent with a previous study 474 showing that individuals grew faster and larger at lower (25°C) compared to higher (32°C) 475 temperatures (Meffe 1992 A male follows a female and makes repeated gonopodial thrusts towards female.
